We initiated an original papillary muscle head approximation procedure, commonly known as Sandwich plasty, for the treatment of ischemic mitral regurgitation (MR). In this study, we evaluated the appropriateness of this procedure for functional MR associated with aortic valve disease. Fifteen patients who had undergone Sandwich plasty combined with aortic valve surgery were included in this study. The mean age of the patients was 69 years. Predominant aortic valve diseases were regurgitation in 8 patients and stenosis in 7 patients. Aortic valve replacement was performed in 14 patients and David surgery in one. The mitral valve was approached through the aortic annulus in 9 patients (the transaortic group). Six other patients with mitral valve annulus of 30 mm or larger underwent concomitant mitral ring-annuloplasty through a left atrial incision (the LA group). The tenting height of the mitral valve and left ventricle diastolic diameter significantly decreased after surgery in both groups. After surgery, residual moderate or mild MR was detected in two patients in the transaortic group. In the LA group, residual mitral regurgitation was not detected. In the follow-up study, prominent MR occurred in two patients in the transaortic group. The MR free rate two years after surgery was 83% in the total patient population. Sandwich plasty was simple and effective in the treatment of functional mitral regurgitation combined with aortic valve surgery. A transaortic approach is effective in obviating a separate left atriotomy and reducing operation time. (Int Heart J 2010; 51: 47-50) 
M itral regurgitation (MR) is often clinically present
in patients with aortic valve disease. According to previous reports, the incidence of MR ranged between 65-75% in patients who underwent aortic valve replacement. 1) Mitral regurgitation associated with aortic valve disease has been considered to be functional without any significant structural or intrinsic valvular disease. Increased afterload together with left ventricular remodeling has been suggested as a factor in the functional mitral regurgitation (FMR) in patients with aortic valve disease. Thus, the etiology of FMR associated with aortic valve disease is tethering which is similar to that of chronic ischemic mitral regurgitation.
We initiated an original papillary muscle head approximation procedure, often referred to as "Sandwich plasty", for the treatment of ischemic mitral regurgitation in 2004 and reported favorable results in preliminary series. 2) We adopted this simple procedure to the treatment of FMR combined with aortic valve surgery. In this paper, we introduce a transaortic mitral valve plasty (MVP) technique using Sandwich plasty and discuss the applicability of this procedure for FMR surgery.
Methods
Fifteen patients who had undergone Sandwich MVP combined with aortic valve surgery since September 2005 were included in this study. The mean age of the patients was 69 years (range, 48 to 77 years) and there were 11 males and 4 females. The predominant aortic valve diseases were regurgitation (AR) in 8 patients and stenosis (AS) in 7 patients. Scheduled operation was performed in 14 patients and one patient underwent emergency surgery. Aortic valve replacement was performed in 14 patients and David surgery in one. A Carpentier-Edwards bioprosthesis was implanted in 9 patients and a stent-less bioprosthesis in 5. The size of the prosthetic valve was 23 ± 2 mm (range, 21-28 mm). Concomitant operative procedures performed included the radiofrequency Maze procedure in 4 patients, cardiac resynchronization therapy (CRT) in 3, coronary artery bypass grafting in 2, left ventricle outflow myomectomy in 2, and tricuspid annulo-plasty in 2. The mitral valve was approached through the aortic annulus in 9 patients (the transaortic group). In 6 other patients with a mitral valve annulus of 30 mm or larger, the mitral valve was approached through a left atrial incision (the LA group). All patients in the LA group underwent concomitant mitral ring-annuloplasty using a rigid artificial ring. The preoperative patient characteristics and operative procedures are summarized in Table I . There were no significant differences between the two groups, with the exception of the annular diameter of the mitral valve (26.7 ± 2.5 versus 31.2 ± 2.8, P < 0.01) (Table II) .
Postoperative early and follow-up results were evaluated. The mean follow-up period was 17 months (range, 3 to 37 months). Statistical analysis was conducted with StatView version 5.0 software (SAS Institute, Inc, Cary, NC). Continuous data are expressed as the mean ± standard deviation (SD). The Student t-test, chi-square test, and Kaplan-Meier method were used for statistical analysis and a P value of less than 0.05 was considered to be significant.
Following anesthesia induction, we reconfirmed that the etiology of mitral regurgitation is a tethering effect due to dilatation of the left ventricle using transesophageal echocardiography (TEE). If an annular dilatation of 30 mm or larger is observed with TEE, we select a left atrial approach for additional mitral ring-annuloplasty. A conventional cardiopulmonary bypass is initiated with a left ventricular venting catheter which is inserted via the right superior pulmonary vein. After aortic cross-clamping, the mitral valve is approached through the incision of the anterior wall of the ascending aorta or left atrium. By close observation of the mitral valve after resection of the aortic valve, papillary muscles and chordae connecting to the anterior mitral leaflet and posterior leaflet can be detected. In the transaortic group, a left ventricular venting catheter is helpful to distinguish between anterior and posterior mitral valve leaflets, and anterior retraction of the subvalvular left ventricular wall is also helpful to obtain a better surgical view. The papillary muscle head approximations of the anterior and the posterior mitral valve leaflets are performed in order to achieve coaptation of the two leaflets. At the anterolateral commissural portion, a Teflon-pledgeted 3-0 Ticron suture with a double-armed needle is passed through the papillary muscle head of the posterior leaflet and through the papillary muscle head of the anterior leaflet, reinforced with another Teflon patch (Figure 1 ). The same approximation suture is made at the posteromedian commissural portion. In the LA group, additional mitral ring-annuloplasty is then performed. After Sandwich plasty, the aortic valve is replaced with a prosthetic valve in a usual fashion.
Results
All patients survived the surgery without any serious complications. The results of echocardiographic examination are summarized in Table II . Regarding the mitral valve geometry, the size of the mitral annulus was significantly (P < 0.05) decreased in the LA group after ring annuloplasty. The tenting height of the mitral valve decreased significantly from 11.8 ± 1.6 mm to 8.0 ± 1.2 mm (P < 0.01) in the transaortic group. Also in the LA group, tenting height decreased from 12.0 ± 1.2 mm to 7.7 ± 1.0 mm (P < 0.01). With respect to left ventricle geometry, the left ventricle diastolic diameter decreased significantly in both groups after surgery. There were no significant changes in left ventricle systolic diameter, fractional shortening, or left ejection fraction.
Residual moderate MR after surgery was detected in a patient in the transaortic group. Mild MR was observed in two patients in the transaortic group. In the LA group, residual mitral regurgitation was not detected after surgery. In the follow-up study, prominent (moderate to severe) MR occurred in two patients in the transaortic group, one of whom received redo mitral valve plasty due to severe MR caused by chordae rupture. The MR free rate in all patients two years after surgery was 83% (Figure 2 ). According to the latest evaluations, the mean mitral valve area was 2.5 ± 0.6 cm 2 and left atrium-left ventricle pressure gradient was 7.9 ± 4.2 mmHg in the total patient population. There was no late cardiac death or recurrent heart failure in the followup study.
Discussion
Treatment for chronic ischemic MR has been one of the recent major topics and various types of MVP techniques have been reported. The importance of papillary muscle displacement due to left ventricular dilatation has been recently recognized in functional MR.
3) Hvass and colleagues 4) described a simple procedure, named the papillary muscle sling method, which created close contact with both papillary muscles using a Gore-Tex tube sling. Menicanti and colleagues 5) reported a papillary muscle imbrication procedure without a mitral ring. Arai, et al 6) also reported the efficacy of a mitral complex remodeling procedure consisting of three major concepts: division and reconstruction of secondary chords, undersized annuloplasty, and bilateral papillary muscle relocation. The aim of a "Sandwich plasty" is the reduction of the tethering effect by fixing two heads of the papillary muscle connecting to the chordae of both the anterior and posterior leaflets, resulting in the increase of the coaptation zone of the mitral leaflets. We initially used this procedure for the treatment of ischemic MR, however, it was considered to be effective in the treatment of FMR caused by a tethering effect due to aortic valve disease. We have performed concomitant Sandwich plasty for functional MR associated with aortic valve disease in 15 patients since September 2005. In the follow-up period, prominent MR occurred only in two patients including a case which underwent redo mitral valve plasty due to recurrent severe MR caused by chorda rupture. The indications of mitral valve surgery in patients who receive aortic valve replacement (AVR) are still controversial. The natural reduction of MR due to the left ventricular recovery after AVR has been reported. 7) However, the studies were limited to patients with aortic stenosis (AS) in the majority of previous reports. 7, 8) Ruel and coworkers 9) reported the risk factors of heart failure and persistent mitral regurgitation after AVR. In their report, they considered an FMR greater than grade 2" and a left atrial diameter over 5 cm, a preoperative peak aortic valve gradient less than 60 mmHg, or atrial fibrillation were risk factors for CHF and persistent mitral regurgitation after AVR in AS patients, while an FMR greater than grade 2" and a left ventricular end-systolic diameter less than 45 mm were risk factors in AR patients. We believe that Sandwich plasty is a simple procedure, and thus may be indicated in patients with potential postoperative heart failure and persistent mitral regurgitation.
Transaortic mitral valve plasty for functional MR has not become popular, most likely because its complicated procedures are difficult to perform through the narrow aortic valve annulus. Simple procedures through the aortic root, transaortic edge-to-edge repair (Alfieri stitch), 10, 11) chodal cutting technique, 12) and the posterior mitral annuloplasty method 13) have been reported. However, what the best surgical intervention remains controversial. In the transaortic approach, we sometimes experience difficulty in viewing the papillary muscle heads and chordae, especially in patients with aortic valve stenosis. This problem can be resolved by performing an anterior retraction of the subvalvular left ventricular wall. A left ventricular venting catheter is also helpful to distinguish between anterior and posterior mitral valve leaflets. We performed Sandwich plasty through a left atrial incision in 6 other patients with a mitral valve annulus of 30 mm or larger, who underwent mitral ring-annuloplasty. The coaptation zone of mitral leaflets increases after the fixation of papillary muscle heads, thus the mitral valve leakage usually disappears in intraoperative testing. Left ventricular overload decreases after aortic valve surgery, and left ventricular diameter decreased in this study. However, mitral valve annular dilatation seems to remain unchanged after aortic valve surgery. We believe annular dilatation is not a functional but rather a structural change of the mitral valve. Ring-annuloplasty is considered to be effective in patients with a large mitral annulus in order to maintain a sufficient coaptation zone on a beating heart and to prevent further annular dilatation in the future. In conclusion, "Sandwich plasty" is considered to be a simple and effective procedure for the treatment of FMR associated with aortic valve disease. A transaortic approach should be considered to obviate a separate left atriotomy and save time during the operation.
